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m M 

FN- a) ^^fi&ttj: y) h+^^j.±m^ti^iimmf^'^^^-r^^)) 

V> , ^ ^/l"ft; ^ n T V> V^ h • r ^ V ^ iJ^ 1/ :^ ^ K ( 

5' -CpG-3' ) ^^t^S^m(Dm.^mn (CpG DNA) f*Toll-Like Rece 
ptor 9 (TLR9) ^fi $ T ?L ©J #J <^ ^ ^ ^l^^b U . Thl^ 
^^JES trM#-f 5 o ^(DWt^<^^^\i^. Tokunaga/Yamamoto b {51 J; 

5. ^CGcomkm^^f)^ — y 3^x1 (iFN) <Dm^b^in\z. 

(Tokunaga T. ,et al.'j. Natl. Cancer. Inst. 72:955-62(198 

4)) \z.m^^ir^o 

3^0SC>i« V^/^• y K n - AMCpG DNA^I^;^ U fc (Yamamoto S. , 
et al. J. Immunol. 148:4072-6(1992)) » -^e O ^ V^ < O O — 

yf3^to-^r^:^-^}:i hB|IBJ!a{^>^i-5;^m^DNA T >- ^ -fe :/ :^ DNA 

JgO|g^;iSgag $ tlfc5' -PuPuCpGPyPy-3' i> BjNH flS^S'ft'fk ^ 

7^LTKrieg^ (Krieg AM., et al. Nature. 374 : 546-9 ( 1995 
)) J: »9 tbfc, :fe^fiJiJ[^14^^-rCpG DNAtcfiftfeJc t)^- 
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^itm. ^ (Om^mi^:kSi\^tl^ (Verthelyi D. , et al. Trends 
Immunol. 24:519-22(2003)) „ 

x^NKlfflJia Sr^'|4'^b•rS^^S@B^Jf^:oV^T : Tokunaga/Yamamo 

o 30m-S:^^5' -ACCGATNNNNNNGCCGGTGACGGCACCACG-3' (Nti^aM^ 

— A^it ^^^i" w ^ #X.:rc (Yamamoto S. , et al. J. Imm 

unol. 148:4072-6(1992)) „ 

Kriegb f*-^ lj7 j:^ BjNB JiSfi&tt 'fb ^ ^ — 7 PuPuCpGPyPy (# (CGACGTT;6S 

bii^'Z^-mxh^li^. ^ (D ^ 'f- - y ]) Y ^ — J>^mm^ h ^ 'JlL^m 
^*7feV^t#^fc (Krieg AM., et al. Nature. 374 : 546-9(1995) ; Ba 
lias ZK. , et al. J. Immunol. 157: 1840-5(1996)) „ Boggs^}*> Cp 

■f . CpG<^ffltf#^(^:^S^1ll:@a^J*5 J;T>*-eo^;^-/^>fb^^ ^ 

5 (Boggs RL. , et al. Antisense & Nucleic Acid Drug Develo 
pment7:461-71(1997)) „ ^^J^f^. CpG DNA ^ — >fb i" -5 t NK^ 

tctzV. ^'^—y<Dmmm^\i^XoXYiCvG^:>i ^ /t-fb U T t> S& 

;OS^fctl/T -5 r i: 5 o - (^^-8*, CpG DNA(D:^T h V 
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(ommmm^^vx 6m-^x*m^^tix\f^^ r cpg dnajc 
X ^ (ommMMi^ X X ^ ^ ^ imikm^tiz. X X mm ^ 

: Yamamotofe t*. CpG DNAtJl J: 5 NKit 14 /L at > mm^SX^(Om 
^i^X^ ^tltcTyve- I IFH^-ff UTV> ^ :i t Vtc (Yamamo 

to S. , et al. J. Immunol. 148:4072-6(1992)) „ Klinman?>(*. Cp 

(Klinman DM., et al. Proc. Natl. Acad. Sci. USA. 93 : 2879-83( 
1996)) o Halpe^ne>{^^ i|ffl®DNA^CpG mk^^ ^W- ^ ^ ^ T — 
^flJ^UTIL-12^TNF-a (Om^Sr^^U. ^<D^m. ^i^mB^ 

^ IFN- V $ tt§ r i Ufc (Halpern MD. , etal. Cell 

ular Immunol. 167:72-8(1996)) o 

Ballase>«. NK||HJife«IL-12. IFN- a / ^ . J^X^THF- a (O^^tcT X 
CpG DNAfcS/;& brNK^14;d5 5i;3i-f-5 - t^^Vtc^ Chaceh hmM 
J3&<^^'l4'fb{i-^ y T — i^i&^^Xh «9 . NK|fflJ3S}*IL-12-t??&'i4 

4t^n^ trnmrnkizM-r ^R}t^^%:mnvxiFii-y m^^^mm^ 

tl^ t^^VX^^ ^ (Ballas ZK. , et al. J. Immunol. 157 : 1840-5( 

1996)) o :Ltih(DUMX ^ . $ ttr v^ v^-^ ^7 ^NK^HjjSfic 

pG dUkizi^mx^ ^J:\^^7i^. CpG DNA^m^J^/-^ J?' 13 :7 r - ^^t- * 

mir^^^ i^(Dmm^^n^ tm^it^n. cpg dna^/isi* 

CpG DNAt;: 0; S t h NKJisffl/fe (^^^tt-fb : CpG DNA<Df^^ J4 •J' O 
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d^u. BCG Mk(Dm±^m^^mmm^m^\-ii98o^i^icm^^ti 

T*3t)> in vivo RUin vitroVN T tl © ^ 33 V^ T ^ NKfi&ft 

-r^o ^ hmm'skmmm (pbmo f^, cpg DNAfu^fcioxi 

FN-o^IL-12, IL-18^m^V. IL-12$lJ^^^ UTIFN- V m^>&5^ 
^^tl^ (Bohle B. , et al. Eur. J. Immunol. 29 : 2344-53(1999) 

Ihohi-i. t h^;^^^BCG DNAT'^J^ LT IL-12(^^^;dS^^ 

t!)^-^ ^ t m^^oX\^ ^ tm^VtCo M^i^. ;^ *3 V^ T ^^ti 

^fg^$t^/TV^5PuPuCpGPyPyMCpG DNAcD 5 ^ B^flS^^S 
t£'(bi-6#1643 (gagaacgctcgaccttcgat) . IFN- y ^ ^ S #161 
8 (tccatgacgttcctgatgct) . NK^ ^ 14 -ft; i" S T ^ -fe V DNA 
#1758 (tctcccagcgtgcgccat) . ^t>*t h B^ JJg filti'fb; f 5 #2105 

(ttgcttccatcttcctcgtc) l^oV^TIFN-y jS^ ^ Jt^ f-NK^IS O fil 
14>fb^^l^ Ufc;&5^ V^-r^^©iB^Jt>3it^Ufc b h NK (CD56*) mm 

^ r -trBCGg ^ =3 — Kf 6cDNA<^ 5 t> . #J£<^ 6 ^^:^CpG/^• U >- 
Kp— A (NNNNNN) ^ tp30^:^DNA (Iho S. , et al. J. I 
mmunol. 163:3642-52(1999))^ accgatNNNNNNgccggtgacggcaccacg, 

7aacgcti: aacgtc^. t h NK ife ^ t& 'ft: U fc CpG DNAOW 
^@2^(J # A U T ^ accgat aacgctg ccggtgacggcaccacgji: accgat aacg 
tc.gccggtgacggcaccacg ( T V 7 >"t?:^"f SB^J ^ ^ A) ^"o^ 
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V^mvf^*^. f^Bi-^m^^ htlfJi-^^^tCo r(D^i:d^b. CpG DNA 

^Ml^^H^'h^A^T!)^hotc(D-V^ feft i§ V^accgat cgatcgg ccggt 
gacggcaccacg^^:oV^-C. T > ^ — 9 ^ (D ^< ]) y — AgRCGATCG 

(Dmmi^^ti^tii2m<7yG^Hi3iii. (gi2CGA) ^nvfc, g^hm 

^"^^Tb^h-Vh^. f-Mifisy)^ G#j!JP{C J; !9 CGATCG(DIFN-y 

gl2CGA(D^^° i; V K CI - A|FIi<lrlO:^^{C^m#S mm<D^ 
th^tli^l0m<OG^iiMVtc±^30m(Oel0GkCGk (GGGGGGGGGGGACGA 
TCGTCGGGGGGGGGG) {;i , J: !9 ^ V^ ^^ *?> ^fc » 

G10GACGAfil999#^ Nf^^ $ tT/T VNfc t h NK jfIB IS ?t 14 'fb SB 

fi^'t^'fb $ ^ ]^V>CpG DNA^^Stt^^i-j^s, GlOGACGAJe: J; 5 IF 
N-y (Dmrn^^s ^IFN-a if -e^MK^.Jiaft5l5i^^ V :^ ^ ^ ^ 

?PUT^>^^^UJ'^V^(D-e. thNKj^flSf^CpG DNAfc^^£:i-5-|g;fj ^ 
^lxLTV^Si:%;t?>^^-5o GlOGACGA^Jl J; $ ttfcIFN--/ tt:^- 

h ^-S^S^fe: J: NKtStt^Ttii CD69. HLA-ABC<^^m ^ ^ 

tt-fb $ tb-cv^/.^ v^NKJNfl^^^:J;b'<TCpG DNASi^;;'l4;0s^v^ (iho s. , e 
t al. J. Immunol. 163:3642-52(1999)) „ Sfc NK0 JiS "t? 

«CpG DNAU'-t T';^ — -^fe '5TLR9(D^^;^S||v^ r S6:UTV^5 
(Krug A., et al. J. Immunol. 31 : 2154-63(2001)) , U U . NK^ 
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oTCpG mkRjt^^7()^%m-i-=^ ^ :^ ^i'i^mx^h^ o *fc. il- 

Iho S. , et al. J. Immunol. 163:3642-52(1999)) O , CpG DNA<?D 
t h NKJM JiS i: l> J3S © CpG DNASi^Sili <^3l V^ : t hNK#liJ3& 

ti/T>^^ < ^ ^CpG dMKRJt^'r^t^. ^ 

■C« J: < :bd^o TV^?'^ V^o Ballasfef^i. 5 ' - ^ 3 ' MftiJ {51 G(^ «9 
5§ UgB^J^#-t"'5CpG/-? y K n — A (Ballas ZK. , et al. J. Immu 
nol. 157:1840-5(1996)) }C o V^ T ^ ft L ^ J^-fk U ;^ NKlffl 

Jia-^k ^NK|fflJ3S<^V^-r^^'b^tt^^:-e# fCo Kruge><^#2216 (K 

rug A., et al. J. Immunol. 31 : 2154-63(2001 )) fi. GACGATCGTC<lr 
Wt-5;55fc h NKlfflJiS ^r^tt-fb UTfe V^o (^glOGACGAi:Ballas/Kr 
ugb(^CpG DNAOjgVM*. #iP$tbfc:^y G <DW t ^ <D mm-^ ^ ^ 

DNA<^^;^ — /i-'fbt^DNasejg^tt^l^a?) 5 DNAJ^-g-g 6 ^ 

)) G^m'^mn\^-howmmmQ.v>G^^ )} k i= - t? t> gggggg 

ggggggaacgttggggggggggggO j; 5 fi^t£"t£<^ ^> 60 ^ (Iho S. 
, et al. J. Immunol. 163:3642-52(1999)) » y K f — A it ^ 

:^3V^T'^>CpG DNA(;i^-r 5^^514:05^ t h • f-l^^^l^i:^— • 1^/^P^ 

h ^ t (D =1 l^-^ :^ htlX\/^ ^ (Hartmann G. , et al. J. I 
mmunol. 164:1617-24(2000)) » $ b JJl CpG DNASB (Jl JiS 51$^ 1± 
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S r ^ t> ^ ^^f- o T # T V^ S (Verthelyi D. , et al. Tre 
nds Immunol. 24:519-22(2003)) » 

CpG DNA<^^J!&P*9Si !9 i:TLR9ic j; 5 : SafiO^SflgT?. Cp 
G DNA}^TLR9(D ]) IS :y Y ^ ^ t ii^^^ h t>^\Z. ^ fx^tz. (Hemmi H. ,et 
al. Nature408:740-5(2000)) o Cp 

, CpG DNAfi :r.:y K — A (e:TLR9 ^^^Jl^i^-f-Sr tT^^^ibhtl 
T S „ o T . CpG DNAfi oii^Kf-'Y h — v^:^teiJ;t)^J!a{J:5l9 
i2.*tL. Ky — A|^{2:#^&-r5TLR9{c J; V) M^^ti^ t ^ k. h 

tix\f^ S o CpG d^k^^^^f^i^^^Ti^ K y — A t*(pI 

mm^^n^ ^ i: ;^5i^^^T' -So CpG DNA;5S ^fljig jc: :^ 19 j^s^tiTTLR 

o 

CpG DNAOe/i}^-:h/l''&iS : CpG DNA<D jpfflJJS P^Si ii^ ttCpG#^i|^^ 

fiCpG#M6<jT*$> § o TLR9^^ < ^m-r 6 JifflJiSi* fc h7^^iJfiLT'«± 
(ClB;^JlS'^?^KjNBfl^^t#Jl^jNBJ}& (plasmacytoid dendritic cells:PD 
C) -Vh^ (Hornung V. , et al. J. Immunol. 168:4531-7(2002)) » 

CpG DNA^mB^Jig^J: jSVN-C }ip38^ JNK(Dfig-'|4'fb;dS^^^{c:#.VN^^ 

M't ^ (Hartmann G. , et al. J. Immunol. 164 : 944-52(2000)) » 

PDC-^«. CpG DNA}i^ :/Kf--i' h — ^>:^K^oX^^7Z,1^ti^:z. 
tKX^TLR9Kmf^^tl. p38 MAPK© ^tt-fb <lr t> fc ^0 /^V^TST 
ATI ;dS y i^m-fb $ tV. STAT2, IRF-9 ^ * {j: ISGF3^ Jj^^-T S o ^ tu 
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$ n fc IFN- aii^y ^ - V y ^ ^^X JAK-STAm^ ^MWi-r^ZLtK 
i !9 :^S<^IFN-a $ (Takauji R. , et al. J. Leukoc. 

Biol. 72:1011-1019(2002)) „ 

5^^yG#^P^^°y ^Ki^— ACpG DNA(^iMtt : CpG DNA{i, CpGv=5? 

FN- a <Dm&^mm\^. ^ hK:^— h ^ y ^ >'<SJ^;{- .t !9 ±-Sl(DI¥ 
N-a ^^^^-^SJei^, CpG DNA©4'^i>@B^J^Sy>» y Kti-A^jt 

"GACGATCGTC \z.mi^imm^'^(D%\,^G^mwi\^x HM^ir ^ h ^^v^ 

— jJ<DG^<^t>(D{i-^ !J7 ;;^iJ^^JiST?{* IFN-Y H 4fe <lr $IJ f S 
(Halpern MD. , et al. Immunopharmacology 29:47-52(1995)) 

1^. 3!K y G#;[JP^-^ ]) V K 13 — ^ CpG DNA{*PBMC{j:*3 V^T IFN-a ^IFN- 
ym^^^<mm'r?>tf^. IL-12^IL-6^^^#U>'j^V^o rt^SB^Jf* 
^(D^O^^^T-D^^^f^A^J^^ 7^:^^ r^^fq^l^nS^^fCl/^?). Kura 
moto/Iho b 1992^ (Kuramoto E. , et al. Jpn. J. Cancer Res. 83:1 
128-31(1992)) ^ 1999¥{-^^ UfcGlOGACGAI^r <D ^ 4 ic^ tl 

7Mm&3i^T =^ l^xm^^ti^HlikMyUt. y G@B^J-^G-;^7/1-7=- 
h i: iq^{^tt-C*5 !9 , CpG DNA<^j^J}ai^Sl t)ji^trii:#c$-ar5o ^t^o 
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^W^Xt^S : Halpern MD. , et al. Cellular Immunol. 167 : 7 
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2-8(1996) 

iP-<^WXfsk9 : Bohle B. , et al. Eur. J. Immunol. 29 : 2344-5 
3(1999) 

^^fFlStMl 0 : Iho S. , et al. J. Immunol. 163:3642-52(19 

99) 

#^#fF:S:i^l 1 : Krug A., et al. J. Immunol. 31 : 2154-63(200 

1) 

^^ff^nXWil 2 : Hornung V., et al. J. Immunol. 168 : 4531-7 ( 
2002) 

##fF:5:i^ 1 3 : Hartmann G. , et al. J. Immunol. 164 : 1617- 
24(2000) 

^WffX^l 4 : Hemmi H. ,et al. Nature408: 740-5(2000) 
i^WWf'X^l 5 : Hartmann G. , et al. J. Immunol. 164 : 944-5 
2(2000) 

^^WXMil 6 : Takauji R. , et al. J. Leukoc. Biol. 72:10 
11-1019(2002) 

tP'WWX^l 7 : Halpern MD. , et al. Immunopharmacology 2 
9:47-52(1995) 

^WPFXM 1 8 : Kuramoto E. , et al. Jpn. J. Cancer Res. 8 
3:1128-31(1992) 

aCpG DNASr^#^-r 5 t> OT-fc So 
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Gm-GACGATCGTC-Gn-3' (in=l~3, n=9~ 7S. t>*m=7~ 9, n=3~l, m + 

]) U:t'f- Vm^m:AK ^ tl ti: IFH- am mm '\±^^ir^ :i 

^ffiUfCo ^ (Df3:i!}>X hf^i^. GB-GACGATCGTC-Gl-^Gl-GACGATCGTC- 
G9Mt>*(J:G9-CACGATCGTG-Gl;dS. 5^;^ Jfc IFN- a fl^filtt ^^t" 5 r t 

:^^mn. x;{7 -^-(Z) g B^ffi6<J^^• U K 1= - AlB^iJ (5' -GACG 
ATCGTC-3' ) Sr^^'i'*& ^ -fSCpG DNAtdgS UT^ 10^ * "T? *3i 

tj:^:^ (D^ V G^CpG mA(D5' mi^RXJ^S' ^^Km A-t ^ Z t i:i ^ 

CpG DNACOgB^J <lr^l±J Ufco 

fc h{c*3V>T«. PDCJ;i J; 5 IFN-a a: IP-10<O||^«Thl:fei^SJf& 
<DM^^^oTV^Sri:;&S^lge$*^/TV^So BW#^f*. CpG DNA(*P 
DCJj:p38 MAPratS-fb r O IFN- a i IP-10;dS ^ # $ tt 

-Sr^^^mUfCo ^Ji^^K^mi^fclF^i-a «PDCm 7 >r — K^^^ 
^ ^ ^iiC:)zm<DIFli-a tl?-107!)^m^^f\'^o ^A^oT. CpGDNA 

, PDC«:fe^feS^/jS(^7fc*^-(?«mii>^H*Cfe5fcie). ^^iNBJjai: 
-f- ^i^nWkmM^(7)^^ t Vxm^Xti:\^^o CpG DNA -fe 7" iJ' - -C' 
fc5TLR9(:it h*t^jfiLT'{:i^(c:PDCtBiBJSa(J:^^ UTV^S CpG 
DNAiB^JtC^J^JI&jg^tt^OS 19 , jK y G#;tJP^N° y K pt — ACpG DNA 
{iPDC{J:f^^i-5 ;$5.B;^J3aj;i{lf^M b^^VNo i o -14 <lr ^ ij ^ f ^ . 
PDC^-^tfPBMC^^ V^TCpG DNA^tt $r liS-f" 5 ^ ^ {cl J: o T . y 
Gf>j-;t)P^>° y K o - ACpG DNA (Dm^Wma^'^'m t fs: ^ o PBMC^^ 

, CpG DNA{;: J; 5 IFN-a <D||^}:iIP-10(^jg^Sr# p (DT?, PBMC(^IF 
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cpG Dm^^mm^kcD^^ t vfzLo 

^oXs ^^mit. —^^5' -Gm-GACGATCGTC-Gn-3' X{*5' -G 
m-CACGATCGTG-Gn-3' (^4". mRXJ^ n {-^^ tl^ tl^±\Cl 9 (D 
mWn-^h^. ^ U-Cm+ n =10-t?&5) X*^^tl^ TIBJg^lB^J : 

GGACGATCGTCGGGGGGGGG (iB^J## : 1 ) 

GGGACGATCGTCGGGGGGGG (@a^J## : 2) 

GGGGACGATCGTCGGGGGGG (i3^J#-^ : 3) 

GGGGGGGACGATCGTCGGGG (@H^J#-^: 4) 

GGGGGGGGACGATCGTCGGG (IB^JS"^ : 5) 

GGGGGGGGGACGATCGTCGG (gH2?!l#-^ : 6) 

GGGGGGGGGGACGATCGTCG (@B^J#-^ : 7) 

GGGGGGGGGCACGATCGTGG (SB^J#-^ : 8) 

GGGGGGGGGGACGATCGTCG (13 ^J#-^: 7) ;6>?>^-5:*-!;=f^^l/:^ 
^ h T? 5 „ 
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El If*. ^Jfe-Cm 1 (-*5V>T. 3 'mi^^(DGnM<om (GO-GACGA-G 

n) ^mni^tcmM:^^ir^7 yx^h^o 

m2it. ^Jfe^ll 2 (^^3V^T. 5 'mi^^(DGHM<Dm (Gm-GACGA-G 
0) Sr^f^f Ufcj|$:P:^^-ri5^7 7T*fe5„ 

^3«. ^Jfe^J 3 {j:*3V>t. 3 '*$S§G<^^§rlO{3:@;t 5'* 
^-^(DGfil!}U(Dm (Gm-GACGA-GlO) ^ ^ frt U ^ ^ i~ 7 7 

^ o 

|114fi. ^Jfe^J 4 ^^:*5V^■r , GO-GACGA-Gn(D IFN- a i IL-10^^ 

HIS}*, Hifi^J 4 (c4o V^T, Gm-GACGA-GO(^IFN-a i: IL-10M^<Z) 

Eief*. ^Jfe^y 4 {c:*5V^T. Gm-GACGA-GlOOIFN-a i: IL-lO^^fe 

ig7{*. 6 ^^:*5V^T, iFN-a o^#fJ:^-rs . G#;Op©# 

(Gm-GACGA-Gn) O ^ ^f* U ^ ^"T t?' 7 7 "T? 5 

o 

lilSfi. ||iS^?II 7 }J:*3Vn"C, TNF-a Oil#{J:^t-5 . G#iJD<^)# 
mtWn (Gm-GACGA-Gn) (D^^^mti l^tcf^^^^ir ^ 7 ^ X h ^ 

o 

1219}*. HJg^J 8 f::*3{tS. ffi4i:^tt©M^*>b^;'5:f&ttgfiS 
©pfiC 1 ) (Gm-GACGA-Gn) Ojg:I^Sr:^-r^7 7*T?^5o 

<Dm^{2 ) (Gm-GACGA-Gn) (D^M^^-t ^ V 7 "T? fc 5 , 

1/ 7 :7 5 „ 

11112}*. mfe|?!|llJj:*3}t5. GS-GACGA-GK^^-? y K 13 - ASB^J 
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i:#;tbtL5„ tJ^oT. fj^'i^Ji^ (GACGATCGTC) t ^(Dm^^i^M: 

CpG mkf}^m.w^\^u^^t\^^ bw.mt^mm^^i^ s^^^j&s^tt 
^m^. 71^:^^^^. t^-f/^^y^. mm. mm. 
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5IJ <^ I- CpG DNAf*. t>' Jcrfe)^ |^ iS H ^ (i^-f 

$>§o ^(ommmmi^^ y'mm\t^ ^^3. ^j/-^. ^i^. -zr^ 

>^ 36^ fe^^ $ 5 o 

CpG mk^^-(om^ t UT^ C SThiMf-'f h:*^vo^#tt. 

:ymm\^^^^xm\^^^Xh^ o CpG DNAfi, ^J^S-^{j: J; o T ^ 
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^it. IL-1, IL-2. IL-37fe^') . ^V^-^^ini/ (IFN-a, IFN- 
> G-CSF. M-CSF, GM-CSF) , t>*TNF- a t? S o TTi?^/^:/ 

. m^m. m^m. i^mm. ^^-^i^m. -k^m. wm. 
f^ff^tj. viyy^Ms mm. m-^Ms nm^m. amm. ^^^m. 
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(^T*. CpG DNAf*. ^]^#(;i*3tt 5^^^S#<lrTh2^^fl:©)|^^>5^ e>Th 
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mmp^. mo. mi^. ^m. 

^^-5o :*:|il5^0iaF* UV^ =x n K^l*. y sJ< y — A § „ 
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m^'r^^^m^m^\:Rxj^^mmmm (m:^ii:. tatatk ^ ;^ . 

S'T^iB^J. CAATiB if ) ^^tPo 

(ow^u. b < }i^j^ii*jf«ffl5S (Apc) =« - K-r^^ 

iJ' -}*i^^^^^c:^S: CT. jt-e^-^^^lB^J t CpG DNAiH^J ^ "a tfo 

r^N" y K »^ - A@B^J«J ^ it^bfcH^SH^J (t-^<C^^t>. ABCD 
EE' D' C B' A' <55 J: 5 ^.caB^Jl?^ i9 . ;i ;i A^l tJ« A' « , ^fSM 

CpG DNA(^lt^@3^Jf^. ^-^y K P -^SB^iJ^lr'^t?^, 

irSl^nSo o^Jj. zim^DNA/Js^^p^T-^^mtii^^jS; 0; 
5 ;4c^§^<DCpG DNAO — \) :y Y n - Aifi^U^^ ^ S r i: 
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X^tz.^Wti'r: (O ^mV^n X^xm'^^W^-^ ^ r ^ te: i o CpG DN 

(CpG mkm&'^fci-tmmw.^i^^i: if) xm^Mm, c^j^Li^PDO 

CpG DNA(^ r;t^4j ^ . 4^ ^ ^ :i: ( IFN- a ^ ^ t "T S 1^ 

o ^#$ti/5CpG D}ik(D^mMit^ mm^ti^mBRxj^'t(D^m. 

^^^O^^^^CpG DNAfi. GGACGATCGTCGGGGGGGGG (BB^J#-^ : 
1) , GGGACGATCGTCGGGGGGGG (SB^J#-^ : 2) . GGGGACGATCGTCGGG 
GGGG (@S^J#-^ : 3) . GGGGGGGACGATCGTCGGGG (iB^J#-i- : 4) , 
GGGGGGGGACGATCGTCGGG (@B^J## : 5) . GGGGGGGGGACGATCGTCGG ( 
@B^J#-^ : 6) . GGGGGGGGGGACGATCGTCG (iB^J#-^ : 7) :S.t>'GGGG 
GGGGGCACGATCGTGG (@B^J#-^ : 8) (OmtlUJ^ib^ ib ^^:^MmWi^ V 
=f pf. ^ U yir h' Tff^mif h tl . # (j: GGGGGGGGGGACGATCGTCG ( SB # # 
: 7 ) b ^ 5 :^ y ^ W :^ ^ K ^ e> 5 o O CpG DN 

^■f-So 1 "t-/ ^7 A/kg-ioo^ y A/kgo$5ffl(D^S (is 
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XI i^m. ^ ^-^^m. -t y wy - 2 - :^ >M . Rif^i^-^i^:^ 

6^Sf^ffl;0S:||^^ U^J;V^ J; 5 ^i:m^X. ^^m<OCpG DUktm^^ 
tb#5o {;:*5V>T. ^ffiJ'^CpG DNAfi. lo J; 15 # < O CpG DN 
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. m^^ti^cpG mk^tci-xi^m. 9&m:MM(Di)^m. :^x/mm^t) 

m^i^'^m vfcFBuci-tnko X ^ Kvxmtco ^ v ^ ;t - a k • 

^'-fe >' h ^ntcmn^A^mik<Dy< ^ >r - =j - ^ = — (Ph 

armacia) itMm (itmi.O??) i^MM^. ^'b'^M (1,800 rpm, 2 
0 min) ^fr^cfV^. PBMC ( 5^ JfiL # ^ Jiffl JJS ) ilr U „ ^^S:^:^ 
.7K't?Sfc?^^10%FCS-RPMIfJ:#3t ^J!a^£^^2-'4X10^/mL 

{cMSufcPBMc^48-!>3i/u^^7'w- h (c::$^^iu. m^mm<DCi> 

G-DNAt t t> ^^l5%C02'f V^:=u^t$' — "T?18~24^^;^il Ufc, 
i^T^. M'L'rJ^gl (5,000rpm, 3 min) \^ X V ±m ^ B V fc 
o ;i 0^*_h^t^^:oV^T. IFN-a. IFN-r. IL-12, TNF- a , IL-10 
, IL-4<D|tS^ELISA Kit (BioSourcestfc ) <^ >^ V> T S'J ^ L o Cp 
G-DNAf*. :^}^ r 5: Kfe^ffiV^T'a•^ ^<^^. H^Bti 

G^Mo^^m t^<Oi(kti (GO-GACGA-Gn) : GACGATCGTC^ = T — 
^y—'i7:r.-^^t\^X. 3' ^^(D T^^KG^ 1 -^wm (n) f^J•^IPUTT 
IB (^1) (^gB^J^-a-^ r i^^PBMC^^:5MM^P;tT^^^ UfCo 
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1 





IB Pi& IB 


GACGATCGTCG 


GO-GACGA-Gl 


GACGATCGTCGG 


G0-GACGA-G2 


GACGATCGTCGGG 


G0-GACGA-G3 


GACGATCGTCGGGG 


G0-GACGA-G4 


GACGATCGTCGGGGG 


G0-GACGA-G5 


GACGATCGTCGGGGGG 


G0-GACGA-G6 


GACGATCGTCGGGGGGG 


G0-GACGA-G7 


GACGATCGTCGGGGGGGG 


G0-GACGA-G8 


GACGATCGTCGGGGGGGGG 


G0-GACGA-G9 


GACGATCGTCGGGGGGGGGG 


GO-GACGA-GIO 



5 ^'^j^:^;^^^ e>nfc„ 3^*-^©G#^JPGACGATCGTC{Cf:iIFN-a 

/Co 

^jfe^J 2 . 

GHM<om^ tm(D^fi (Gm-GACGA-GO) : 5' M^(D^i<lGt: 5 
-loin (m) HMVXTnS. (^2) OiB^J^^a-^U. PBMCic5/iM^ 

&2_ 







GGGGGGACGATCGTC 


G5-GACGA-G0 


GGGGGGGACGATCGTC 


G6-GACGA-G0 


GGGGGGGGACGATCGTC 


G7-GACGA-G0 


GGGGGGGGGACGATCGTC 


G8-GACGA-G0 


GGGGGGGGGGACGATCGTC 


G9-GACGA-G0 


GGGGGGGGGGGACGATCGTC 


GIO-GACGA-GO 
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G#;!jP IFN- am^it\i'— ^ icrnVtc, 

mmm 3 . 

GHM<omm t^<D^fi (Gm-GACGA-GlO) : MMm 1 t 2 ^ itm. 
ttSo 3 *7|5ii^O G (D^^lOfJlH^ LT 5 '^i^MOG^m^^S 0 

o 







GACGATCGTCGGGGGGGGGG 


GO-GACGA-GIO 


GGACGATCGTCGGGGGGGGGG 


Gl-GACGA-GlO 


GGGACGATCGTCGGGGGGGGGG 


G2-GACGA-G10 


GGGGACGATCGTCGGGGGGGGGG 


G3-GACGA-G10 


GGGGGACGATCGTCGGGGGGGGGG 


G4-GACGA-G10 


GGGGGGACGATCGTCGGGGGGGGGG 


G5-GACGA-G10 


GGGGGGGGGGGACGATCGTCGGGGGGGGGG 


GIO-GACGA-GIO 



o U36^b. ^0^;^ttG<D^}cJtM-li:T. 3 ^ Jb OG#^JP TM* IF 

^mm 4 . 

IFN- a i: lL-lQm^<Dimm : ^JS^J 1 ~ 3 1? ^ frf U @B O V^ 
INF-a i: IL-10(D^i^»^aiJ^U, JfB li ^|^^ L i^c (|g|4 

— 6) o iL-iQKn.^'B.nui'^^i^h^ (OX . ^(om^^x ^ ^f€. 
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|g j{> ^ tb 5 (06) tctb. n ^(D^m t vx ntht. \) ts-t, V 

<?'^V^o V7!}^V. GO-GACGA-GnM (04) ^Gm-GACGA-GO^ (05) 

K^\f^xnmm^£mmm^ii^"^^ti'r. gid-gacga-gom x it g 

HflBK ^ ^lFli-am^^^<^yCT^*^> IL-10©a^<Srbasal leveljfi 

< K^^fc^^xm}i> htif^^ t^^fe. :i<Dmm^^^ -^^^^nir 
pri6T*fc5 i:#x.:rc (05) o 

mmm 5 . 

m.mWC(D^^ : 1 ~ 3 (Z>^f^^:i: J; D . GACGATCGTC}Cii5VN 

IFN-a il^fiH4Sr % "f- G iSr .3 'mi^m^fci-i 5 't^C^JI:: 8 

mmmitm2omii^mmx-h^rc (tib^4) , 

m 4 





mmti: GWa (m, n) 


CpG-DNA mMmWn 


GO-GACGATCGTC-Gn 


n = 8 ~10 


18—20 


Gm-GACGATCGTC-GO 


m = 8 ~10 


18—20 


Gm-GACGATCGTC-GlO 


m = 1 ~ 2 


21~22 



^ p tr — ^ CpG DNA(^ IFN- a ^ l^S b o 

Gm-GACGATCGTC-Gn {C *5 it 5 I FN- a : 5 ' 5|5 ffi O GO ^ m ^ 3 

'^i^(75GcDic n (D^n^^lO\Z^m b/c Gm-GACGATCGTC-Gn ( m + 
n=10) <^::^- y ^ Klia^ (TI5^5) ^-a^^b. PBMC 
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nmU:^xmm\^tCo 



S SB ^IJ 


G (Dw (in+n = 10) 


GACGATCGTCGGGGGGGGGG 


m = 0 , n = 10 


GGACGATCGTCGGGGGGGGG 


m = 1 , n = 9 


GGGACGATCGTCGGGGGGGG 


m = 2 , n = 8 


GGGGACGATCGTCGGGGGGG 


m = 3 , n = 7 


GGGGGACGATCGTCGGGGGG 


m = 4 , n = 6 


GGGGGGACGATCGTCGGGGG 


m = 5 , n = 5 


GGGGGGGACGATCGTCGGGG 


m = 6 , n = 4 


GGGGGGGGACGATCGTCGGG 


m = 7 , n = 3 


GGGGGGGGGACGATCGTCGG 


m = 8 , n = 2 


GGGGGGGGGGACGATCGTCG 


m = 9 , n = 1 


GGGGGGGGGGGACGATCGTC 


m = 10, n = 0 



^<DU^. m=l~3 (n = 9~7) RXfm=6^9 (n = 4~ 
1) t?, #4<OIFN-a (?:>^^;i5f|^ $ tbfc U*=»U. m=4(n = 
6)^t>'m=5 (n = 5) TM* s IFN- a <^ ^ U < b fc ( 

HI 7 ) o 

^jfe^J 7 . 

Gm-GACGATCGTC-Gn }C *5 5 TNF- a <^M# : mMM 6 ^ IhI^^^SB 
^JT';^ ^ H<5Gm-GACGA-Gn (m+n=10) (D :^ ]) =^ ^ ^ h*10 
mm (m=0~9) ^^:oV^•r. PBMCfclSAiMjPxLT:^^ Ufc_h?t4'0 

Hjfe^ll 8 . 

mmtm^(Om^*^h^tcm\§^^m<Dm^ (l) : Gm-GACGA-Gn 
(in + n =10) X*^ $tb5:^I^=f:5?iJ'U;^^ K <^fi&i4^l£ trp-< -5 
fcfefc, FBMC{J:i^;t)p-r5^^^<SrO. 01— 5 MMCOS^Pg-etb^ bfc im 
9) o ■^<^5^:i:. m=7 (n = 3) ^t/m = l (n=9) <^NF(il, #^ 
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^K^^^lFH-a (Dm^7!)^mii> htlfZo ^tli^MVX, m = 4(n=6 

mmm 9 . 

mmtm^<om^-^^ h?^fcm^^m(Dm^ (2) mmmsx^m 

3i U;^cGm-GACGA-Gn (m+n=10) X ^ tl ^ :t ]) =^ ^ ^ U 
<Dmm^M^nm\^m^^tci^Ks m = 7, 8. 9 ( n «^tl/^*tt3, 

2, 1) ^COV^-CpSUfc (miO) „ ^(D^M:. m = 9 (n=l) (D :t 

J[S|5la(^.ffi»^^:*5^t§^f^:^{-^ Gm-GACGA-Gn (m+n=10) 
X^^tl^^ ]} U:^^ FOIFN-a CpG-DNA(Ote 

Vtc imU) o ^(D^^Mz. m=9 (n=l) OCpG-DNAf*. ^(D^ 
<D^)) l^:^^ KXMifa ^ /;> if IFN-a b?^^V>0. 1 ^ M 

'i>@B^JGACGATCGTC(^M*d^5^^ y GfCOVNTil^l^ Ufcj^;^. 5' mi^OiI 
1219^. 3' 5^iSg{B!l{J: 1 ^<^GiSr#}tlD b/cGg-GACGA-GlfCl^V^IFN-a 
b tbfc;OS^ r 9 G (^iBS *s 41 ,i>@a^j O 5 Cp 
Gy^ y :/ K n — A {C $3 V^ T 1^ It {Jl ^^ i6 ?3 5 ^ }c o V> T 
13 (^6) (Jl^-rACAACGTTGT^^^fJlllfi Lfc (1312. 13) „ G# 
AP«in=9(n=l), iii=5(n=5), m=l(n=9), m=10(n=10) © 4 51 «9 fT o „ 
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6 





SB IB # 


GGACGATCGTCGGGGGGGGG 


G1-GACGA-G9 


GACAACGTTGTGGGGGGGGG 


G1-ACAAC-G9 


GGGGGGACGATCGTCGGGGG 


G5-GACGA-G5 


GGGGGACAACGTTGTGGGGG 


G5-ACAAC-G5 


GGGGGGGGGGACGATCGTCG 


G9-GACGA-G1 


GGGGGGGGGACAACGTTGTG 


G9-ACAAC-G1 


GGGGGGGGGGGACGATCGTCGGGGGGGGGG 


GIO-GACGA-GIO 


GGGGGGGGGGACAACGTTGTGGGGGGGGGG 


GIO-ACAAC-GIO 



GACGATCGTC}^ G ^#*P Ufc^-a-^ _b (21 T # fc J; 5 {21 ^ in=9(n= 
1) > in=l(n=9) > m=10(n=10) > m=5{n=5) <D MX- ^ i^:^^ o fc 
(1^12) o ACAACGTTGTfe: G ^#JP Ufc^-a-. i^mir ^ mBf t tBi^Jh 
3i Bl ^ « GACGATCGTC t m C y< ^ — h o tcHi^ . fiH!^ GACGATCG 
TC{;iit-<T^ U < ^V^r t ;&S:^$ttfc (013) o =6^ o T . V G<D 

A-^^ {JUJ^Mf-S . iai2jStt/13fJ:;^-r J; 7 G9-GACGA-Gi:S 
t;^Gl-GACGA-G9-t?^:i^V^IFN-a M<^II5£^J8~ 

lOT*:^ $ ttfcjgm:d5fl:^ ^ nfco *:^c. ffi >i> SB ^ >fe 5 ACAAC 
*fU-C> ^I^GMH^J^^A UfcGlO-ACAAC-GlOT' t Ay IFN-a M 
#^1±f*^Je> e>tt3fe:«)^o fc;dS imi2. mi3) ^ G9-ACAAC-G1-T?«. 

V)mm UTV^5G10-GACGA-G10i: PISgi^IFN-a 
fl^?&^4;^5^^^6 e?nfc (1312) » GACGATCGTC ^ 4" 'i> 13 ^IJ {C 

^V^fc^-a•^ G9-GACGA-Gli:Gl-GACGA-G9"e(i IFN-a ^#^14*21^ b 
V^^;^S^^?) e>:h/fc (I§il2, 13) , ACAACGTTGT^ 4" 'il>SB^J ffi V^ fc 
:^'a-}-{*> G9-ACAAC-Gli;Gl-ACAAC-G9 i: (J: }^ :^ # ?fe M f^i ^^ ii> 
htlfi:7!)>'orc (igi3) o 
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0:fe3^fiiS5:^ttJj: — #^4- UTV^5§R^fc«. CpG mk<D >L^ t ^i: ^ 
, .i>ia^J ^ UT5'-GACGATCGTC-3'<lr^^ UTV^S*^ . 4''i>ifl^J 

h^o mm&oi^i-i. CpG dm<D±^m^2om(Dmmy!)^^mm^m^ 

mfii^t^'pxi'i. G 9-GACGATCGTc-Gi (Dm.mmm^^Mhm:h ^i^m^ 
^ w-f- 5 sa o „ 
mmmi2. 

GkCGk7CGTC(D^mm<omfi : TIB (^7) iZ^-T X ^ 

G9-GACGA-Gl(^/^° y K c — AlfiS^ (GACGATCGTC) (^i^SBB^J^ — 

Tb^^mnv^ (014) o h*^-j>>m^^mnvt^'^Mx. cg 

SrGCJeig^ (GAGCATGCTC) -f- ^ t m^t^m ^ l^fc o i£.fc. AT^AA^:: 
(GACGAACGTC) t.rcitkT^lTKm^ (GACGTTCGTC) VX^^^ 

(Dm^^^kTib^ hTki<im^^ (GACGTACGTC) f£ifXh. :fe^flJ^^'l4 

t Ayif^t>ti^ :i i: t^mU^ tifco CpG^^• y :x K n - A (DS't^ 
iiS§{|iJ(DGSrCfJ:. 3'^mm<DC^GizW^l'tcmn (CACGATCGTG) t? « 
. ia?t^TM*G9-GACGATCGTC-Gli: iH^cD^^Hi^lr^l-^ 0. 1~0. 2 
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cpG mk(Dmm 


IB^JB&IB-i- 


CpG DNA 5r lixVi^m 
$-^fc^<D INF-a^^fi 
(pg/mL) 


GGGGGGGGGGACGATCGTCG 


(G9-GACGA-G1) 


8,060 


GGGGGGGGGGAGCATGCTCG 


(G9-GAGCA-G1) 


119 


GGGGGGGGGGACGTACGTCG 


(G9-GACGT-G1) 


135 


GGGGGGGGGGACGAACGTCG 


(G9-GACGAA-G1) 


56 


GGGGGGGGGGACGTTCGTCG 


(G9-GACGTT-G1) 


49 


GGGGGGGGGCACGATCGTGG 


(G9-CACGA-G1) 


7,050 



G9-GACGA-Gl<DThlMf--1' V -fJ ^ ^Th2Mi^-l' Y ^ VCO^^ : G 
9-GACGA-Gl(^fi&'i]S 3^SThl:fe^(^)^^{c^^^^:fj|V^T v^ ^-fy^^t^^m 

^ir^tcib. IFn- a &.^i^Thimf^m(OmW: tta^ IL-12^ IFN-y 

m\i2m^^<DV^W:bfi:^iL-4.<Dm^^m\M\^t^. tib (^s) k 

;^i-#CpG DNA{cov^X. PBMCfJl 1 n}limM \^f^^K% h flfz.1^m ± 
1 (pg/mL) 





Thl m^-{ v-^-o 


Th2 Mi^-r 


IL-12 


IFN- V 


IL-4 


G1-GACGA-G9 


33.9 


17.4 




G5-GACGA-G5 


26. 7 


9. 5 


lRl_h 


G9-GACGA-G1 


44. 2 


12. 9 




GIO-GACGA-GIO 


20. 7 


16. 9 




(pg/mL) 




Thl m.^^ 




Th2 h ;<7^ :x 


IL-12 


IFN-y 


IL-4 


G1-GACGA-G9 


16. 5 


14. 1 




G9-GACGA-G1 


23. 1 


14.5 





±IE (^8) K^ir^^\^. 2lElo^i^jgma: t> , ThiMf--r h ;^ 
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-5IL-12fi. \,^-m(DmmX*hmm^tltci^. Cl-GkCGk-GSK it 
G9-GACGA-Gl-C*a: !9 3S < ^^^H/bo IFN-7 (DM^hmil^ ^ tltcib^ 
. G1-GACGA-G9^ G9-GACGA-Glc^rH^}^:^^±;^e;6^o fco Th2M1^-r h 

TTfcofCo G9-GACGA-G1<^G1-GACGA-G9«. IL-4 

(DM^^^tH^mm^i-^ ^ tl!)^X^ ^„ ^fc. IL-12-^IFN-y Tfe ^ 
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ft * <^ ^ ffl 

1 . — ^^5'-Gm-GACGATCGTC-Gn-3'Xt*5'-Gm-CACGATCGTG-Gn-3' 

+ n=io-t?fc5) rmMmmm : 

GGACGATCGTCGGGGGGGGG (@a^J## : 1) 
GGGACGATCGTCGGGGGGGG (@3^J#^ : 2) 
GGGGACGATCGTCGGGGGGG (iB^J#-^ : 3) 
GGGGGGGACGATCGTCGGGG (gB2?!)## : 4) 
GGGGGGGGACGATCGTCGGG (SB^J#-^ : 5) 
GGGGGGGGGACGATCGTCGG (@B^J#-^ : 6) 
GGGGGGGGGGACGATCGTCG (@B^J#-^ : 7) 
GGGGGGGGGCACGATCGTGG (iB^J## : 8) 

2. GGGGGGGGGGACGATCGTCG (i33?!l#-^: 7) fS^:^l 

o 

4. fS^:® 1 X« 2 t:i|3^c7), MB # 7 O IB b ^ S 
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Fig.l 



GO-GACGA-Gn 
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Fig. 2 

Gm-GAOGA-GO 
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Fig.3 



Gm-GACGA-G10 
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Fig.4 



I FN- Of vs IL-IO(GO-GACGA-Gn) 
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Fig.5 

I FN- Of vs IL-lO(Gm-GACGA-GO) 
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Fig.6 

I FN- Of vs IL-lO(Gm-GAOGA-GlO) 
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Fig.7 



Gm-GACGA-Gn(m+n= 1 0) 
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Fig.8 



Gm-GAGGA-Gn(m+n=1 0) 
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Fig.9 



Gm-GACGA-Gn 
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2000 



Fig.11 

Gm-GACGA-Gn(m+n=1 0) 
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SEQUENCE LISTING 
<110>Emori & Co. , Ltd. 
<120> I mmunos t imurat ory 01 igonuc 1 eot ides 
<130>R652 

<150>JP2004-053795 
<151>2004-02-27 
<160>8 
<170> 
<210>1 
<211>20 
<212>DNA 

<213>Artificial Sequence 
<220> 
<221> 
<222> 

<223>Synthetic Sequence 
<400>1 

ggacgatcgt cggggggggg 
<210>2 
<211>20 
<212>DNA 

<213>Artificial Sequence 
<220> 
<221> 
<222> 

<223>Synthetic Sequence 
<400>2 

gggacgatcg tcgggggggg 
<210>3 
<211>20 
<212>DNA 

<213>Artificial Sequence 
<220> 
<221> 
<222> 

<223>Synthetic Sequence 
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<400>3 

ggggacgatc gtcggggggg 

<210>4 

<211>20 

<212>DNA 

<213>Artificial Sequence 

<220> 

<221> 

<222> 

<223>Synthetic Sequence 
<400>4 

gggggggacg atcgtcgggg 

<210>5 

<211>20 

<212>DNA 

<213>Artificial Sequence 

<220> 

<221> 

<222> 

<223>Synthetic Sequence 
<400>5 

ggggggggac gatcgtcggg 

<210>6 

<211>20 

<212>DNA 

<213>Artificial Sequence 

<220> 

<221> 

<222> 

<223>Synthetic Sequence 
<400>6 

ggggggggga cgatcgtcgg 

<210>7 

<211>20 

<212>DNA 

<213>Artificial Sequence 
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<220> 

<221> 
<222> 

<223>Synthetic Sequence 
<400> 7 

gggggggggg acgatcgtcg 

<210>8 

<211>20 

<212>DNA 

<213>Artificial Sequence 

<220> 

<221> 

<222> 

<223>Synthetic Sequence 
<400>8 

gggggggggc acgatcgtgg 
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